to June 30, 2006, and 61 491 men (response rate = 74.1%) aged 40-74 years with no history of cancer at recruitment were enrolled.
Participants were interviewed in person using a structured questionnaire to obtain information about demographic characteristics, lifestyle, dietary habits (including supplemental use of vitamins and calcium), medical history, occupational history, and physical activity. Anthropometrics, including weight, height, and circumferences of the waist and hips, were also measured at baseline. All participants provided written informed consent. Both studies were approved by the relevant Institutional Review Boards for human research at all participating institutes.
Assessment of Dietary Intake
Semi-quantitative food-frequency questionnaires (FFQs), designed to assess usual food intake, were implemented at the baseline survey and the first follow-up survey conducted 2-3 years after baseline (8, 9) . The SWHS FFQ included 77 food items, which included about 90% of commonly consumed food items in urban Shanghai in 1996 (8) . The SMHS FFQ included 81 food items and covered 89% of the commonly consumed foods in Shanghai at the time of the baseline survey (9) . During the in-person interviews, each participant was first asked, on average, how often he or she had consumed a specific food or food group during the 12-month time period before the interview (the possible categories were daily, weekly, monthly, yearly, or never), followed by a question on the amount consumed in liang (1 liang = 50 g) per unit of time. Each participant was also asked about whether he or she had taken vitamins A, B, C, or E; a multivitamin; or calcium supplements at least 3 times per week continuously for more than 2 months. Total energy and nutrient intakes for each food were calculated by multiplying the amount of food consumed by energy or nutrient content per gram of the food, as obtained from the Chinese Food Composition Tables (11) . Total dietary intake of each nutrient was calculated by summing the nutrients from all food items reported in the FFQ. The validity and reproducibility of the questionnaires used in the SWHS and SMHS have been described elsewhere (8, 9) . The correlation coefficients for micronutrients between the FFQ and the means of twenty-four 24-hour dietary recalls (the recalls were conducted twice per month during a 12-month period) were Pearson r = 0.41-0.59 in women (8) and Spearman r = 0.33-0.58 in men (12 monthly 24-hour dietary recalls were implemented in the SMHS) (9) .
Follow-up and Cancer Identification
Cohort members were followed for cancer occurrence through inperson follow-up surveys taking place every 2-3 years and annual record linkage with databases of the population-based Shanghai Cancer Registry, Shanghai Vital Statistics Registry, and Shanghai Resident Registry. For the SWHS, the response rates for the first (2000) (2001) (2002) , second (2002) (2003) (2004) , third (2004) (2005) (2006) (2007) , and fourth (2008) (2009) (2010) (2011) in-person follow-up surveys were 99.8%, 98.7%, 96.7%, and 92.0%, respectively. For the SMHS, the response rates for the first (2004) (2005) (2006) (2007) (2008) and second (2008) (2009) (2010) (2011) follow-up surveys were 97.6% and 93.6%, respectively. All possible cancer diagnoses were verified through home visits and review of medical charts.
Cancers were coded by International Classification of Disease, Ninth Revision (ICD-9), codes. Tumors were grouped as primary malignant neoplasms (ICD-9 155.0), malignant neoplasms of the intrahepatic bile ducts (ICD-9 155.1), and unspecified malignant neoplasms of the liver (ICD-9 155.2) (12) . The diagnosis of the cancers was confirmed via medical chart review by a panel of oncologists.
Statistical Analysis
Person-years of follow-up time were calculated for each participant from 2 years after the date of the baseline interview to the date of cancer diagnosis, death, date of loss to follow-up (if applicable), or December 31, 2009, whichever occurred first. Cox proportional hazard models were used to estimate hazard ratios (HRs) and 95% confidence intervals (95% CIs), with age as the time scale. Dietary vitamin intakes were categorized by quartile distribution, with the lowest quartile serving as the reference group. Tests for linear trend were performed by assigning an ordinal value (1, 2, 3, and 4) to each quartile (Q1, Q2, Q3, and Q4) of exposure and treating it as a continuous variable in the regression model. In analyses of data from women and men combined, dietary intake variables were categorized on the basis of sex-specific quartile distributions. The proportional hazards assumption was examined by evaluation of the interaction between exposure and survival time in the models, and we found no violations of model assumptions.
Dietary information collected at baseline was used for the initial analysis. In the SWHS, we also used the average intake from the first FFQ (at baseline) and the second FFQ (conducted 2-3 years after baseline) in the analysis. For women who provided no second FFQ data (n = 5858, 8.1%) or who reported having diabetes, cardiovascular disease, or cancer diagnosed between the two FFQ surveys (n = 2237, 3.1%), only baseline dietary intake was used as the exposure. The vast majority of SMHS participants had a short follow-up time after the second FFQ. Thus, only the information collected in the first FFQ was included in the analysis.
In the multivariable analyses, we adjusted for the following potential confounding factors assessed at study recruitment: age (years entered as continuous variable); body mass index (calculated as weight in kg/m 2 as a continuous variable); fat intake (g/day, as a continuous variable); family income level (three categories: low [<5000 yuan/year in the SWHS and <12 000 yuan/year in the SMHS], medium [5000 to <10 000 yuan/year in the SWHS and 12 000 to <24 000 yuan/year in the SMHS], and high [>10 000 yuan/year in the SWHS and >24 000 yuan/year in the SMHS]); education level (four categories: elementary school or less, middle school, high school, and college or above); family history of liver cancer (yes or no); and history of viral hepatitis (yes or no), chronic liver disease or cirrhosis (yes or no), diabetes (yes or no), and cholelithiasis or cholecystectomy (yes or no). Smoking and alcohol consumption were not associated with liver cancer risk in our study populations; therefore, we did not adjust for them in the final model. The correlation coefficient between total energy intake and fat was r = 0.70, and adjustment for fat intake resulted in a much bigger change in risk estimates than adjustment for total energy. Therefore, fat intake was included in the final multivariable model. Analyses were conducted for the SWHS and SMHS separately and for the two cohorts combined when results did not vary statistically significantly by sex. We also conducted analyses restricted to participants who reported no use of any vitamin supplements at the baseline survey.
All statistical analyses were performed using SAS software, version 9.2 (SAS Institute, Inc, Cary, NC). All P values were calculated by two-sided tests and were considered statistically significant if P was less than .05.This study had 80% statistical power to identify dietary risk/protective factors (comparing the highest vs the lowest quartiles of intake) for liver cancer with minimum hazard ratios of 1.64 (risk factor)/0.61 (protective factors) for women, 1.56 (risk factor)/0.64 (protective factors) for men, and 1.42 (risk factor)/0.70 (protective factors) for both sexes combined.
results
We excluded 1844 participants from the SWHS and 174 participants from the SMHS from the analysis because of a diagnosis of cancer before enrollment (1579 women), loss to follow-up shortly after enrollment (8 women and 14 men), diagnosis of cancer in situ during follow-up (61 women and 4 men), cancer diagnosis that could not be confirmed (61 women and 23 men), and death from cancer with no cancer type or diagnosis date (135 women and 133 men) (data not shown). We also excluded 16 women and 91 men with extreme values for total energy intake (outside the range of 500-4000 kcal/d). We further excluded liver cancer patients (24 women and 63 men) diagnosed within 2 years of enrollment, because their dietary habits might have been influenced by preclinical symptoms, as well as the first two years of observation for the entire cohort from the analysis (ie, 1383 participants [571 women and 812 men] with less than 2 years of total observation were excluded from the study). After these exclusions, a total of 132 837 participants (72 486 women and 60 351 men) remained in the present study. During an average follow-up of 10.9 years in the SWHS and 5.5 years in the SMHS, 355 (142 women and 213 men) incident primary liver cancers were documented. Of these, 267 (118 women and 149 men) were diagnosed after the first 2 years of study enrollment. Among them, 154 (57.7%) were primary malignant neoplasms, 46 (17.2%) were malignant neoplasms of the intrahepatic bile ducts, and 67 (25.1%) were unspecified malignant neoplasms of the liver.
Age-standardized baseline characteristics of participants by liver cancer diagnosis status are presented in Table 1 . Participants who developed liver cancer were older than participants who did not develop liver cancer. Participants who developed liver cancer were more likely to have a lower education level, a history of viral hepatitis, chronic liver disease and cirrhosis, cholelithiasis or cholecystectomy, and a family history of liver cancer in firstdegree relatives compared with liver cancer-free study participants in both the SWHS and SMHS. Also, participants who developed liver cancer were more likely to have higher body mass index in the SWHS, whereas in the SMHS, they were more likely to have lower family income, a history of diabetes, and higher fat intake than those who remained liver cancer-free. No differences in total energy intake, smoking, or drinking habits between participants who developed liver cancer and those who remained liver cancerfree were observed. * All variables were standardized to age distribution at baseline. SE = standard error. † The general linear model was used to calculate P for continuous variables: age at recruitment, body mass index, total energy intake, fat intake. Cochran-MantelHaenszel statistics were used to calculate P for categorical variables: family income level (low income for <5000 yuan/year in the SWHS and <12 000 yuan/year in the SMHS; medium income for 5000 to <10 000 yuan/year in the SWHS and 12 000 to <24 000 yuan/year in the SMHS; and high income for >10 000 yuan/ year in the SWHS and >24 000 yuan/year in the SMHS); education level (elementary school or less, middle school, high school, college or above); family history of liver cancer (yes or no); history of viral hepatitis (yes or no); history of chronic liver disease or cirrhosis (yes or no), history of diabetes (yes or no), and history of cholelithiasis or cholecystectomy (yes or no). All statistical tests were two-sided. , continuous variable), fat intake (g/d, continuous variable), family income level (low, medium, and high), education level (elementary school or less, middle school, high school, college or above), family history of liver cancer (yes or no), history of viral hepatitis (yes or no), history of chronic liver disease or cirrhosis (yes or no), history of diabetes (yes or no), and history of cholelithiasis or cholecystectomy (yes or no).Two-sided P trend values were calculated by assigning an ordinal value (1, 2, 3, 4) to each quartile (Q1, Q2, Q3, and Q4) of exposure and treating it as a continuous variable in the regression models. ‡ HRs and 95% CIs were calculated by using Cox proportional hazard models with adjustment for age (y, continuous variable), body mass index (kg/m 2 , continuous variable), fat intake (g/d, continuous variable), family income level (low, medium, and high), education level (elementary school or less, middle school, high school, college or above), family history of liver cancer (yes or no), history of viral hepatitis (yes or no), history of chronic liver disease or cirrhosis (yes or no), history of diabetes (yes or no), and history of cholelithiasis or cholecystectomy (yes or no). , continuous variable), fat intake (g/d, continuous variable), family income level (low, medium, and high), education level (elementary school or less, middle school, high school, college or above), family history of liver cancer (yes or no), history of viral hepatitis (yes or no), history of chronic liver disease or cirrhosis (yes or no), history of diabetes (yes or no), history of cholelithiasis or cholecystectomy (yes or no), dietary vitamin E intake (cut points for the quartiles of vitamin E intake in the SWHS were ≤9.977, ≤12.785, ≤16.176, and >16.176 and in the SMHS were ≤10.531, ≤13.877, ≤17.937, and >17.937), and additionally, mutually adjusted for vitamin C supplement use (yes or no), vitamin E supplement use (yes or no), and multivitamin supplement use (yes or no). † The HRs and 95% CIs were calculated by using Cox proportional hazard models with adjustment for sex (male or female), age (y, continuous variable), body mass index (kg/m 2 , continuous variable), fat intake (g/d, continuous variable), family income level (low, medium, and high), education level (elementary school or less, middle school, high school, college or above), family history of liver cancer (yes or no), history of viral hepatitis (yes or no), history of chronic liver disease or cirrhosis (yes or no), history of diabetes (yes or no), history of cholelithiasis or cholecystectomy (yes or no), dietary vitamin E intake (cut points for the quartiles of vitamin E intake in the SWHS were ≤9.977, ≤12.785, ≤16.176, and >16.176 and in the SMHS were ≤10.531, ≤13.877, ≤17.937, and >17.937), and additionally, mutually adjusted for vitamin C supplement use (yes or no), vitamin E supplement use (yes or no), and multivitamin supplement use (yes or no).
of vitamin E was inversely associated with liver cancer risk (lowest to the highest quartiles: HR =1.00 [reference], HR = 0.80 [95% CI = 0.57 to 1.11], HR = 0.66 [95% CI = 0.46 to 0.94], and HR = 0.60 [95% CI = 0.40 to 0.89]; P trend = .01). Similar associations were found for subtypes of vitamin E, including alpha-tocopherol, beta-and gamma-tocopherol, and delta-tocopherol (P trend = .04, .01, and .02, respectively).The inverse association patterns were consistent for both women and men, but trend tests and point estimates were only statistically significant for women. The test for multiplicative interaction between sex and vitamin E intake, however, indicated that sex does not influence the association between vitamin E and liver cancer. Further analyses excluding individuals who reported use of any vitamin supplement at the baseline survey showed that vitamin E intake was consistently associated with reduced risk of liver cancer (second to the fourth quartiles: Increasing quartiles of vitamin B1 intake were associated with a statistically significant, reduced risk of liver cancer (P trend = .03).The associations between vitamin B1 and risk of liver cancer (P trend = .31) diminished after further adjustment for vitamin E intake (data not shown). No statistically significant associations were observed for other dietary vitamin intakes (all P trend > .05). Table 3 presents associations between vitamins B, C, and E; multivitamins; and calcium supplements and liver cancer risk with adjustment for dietary vitamin E and other potential confounders. Only one liver cancer patient reported regular use of single vitamin A supplements. Thus, vitamin A supplement data are not presented. Vitamin E supplement use was associated with reduced risk of liver * Cut points for the quartiles of vitamin intakes used in analyses of data from the Shanghai Women's Health Study along with the cut points for the Shanghai Men's Health Study are shown in parentheses. In analyses of data from women and men combined, dietary intake variables were categorized on the basis of sex-specific quartile distributions. † The hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated by using Cox proportional hazard models with adjustment for age (y, continuous variable), body mass index (kg/m 2 , continuous variable), fat intake (g/d, continuous variable), family income level (low, medium, and high), education level (elementary school or less, middle school, high school, college or above), history of diabetes (yes or no), history of cholelithiasis or cholecystectomy (yes or no), and mutually adjusted for vitamin E intake (cut points for the quartiles of vitamin E intake in the SWHS were ≤9.977, ≤12.785, ≤16.176, and >16.176 and in the SMHS were ≤10.531, ≤13.877, ≤17.937, and >17.937), vitamin E supplement (yes or no), vitamin C supplement (yes or no), and multivitamin supplement use (yes or no). P trend was calculated by assigning an ordinal value (1, 2, 3, 4) to each quartile (Q1, Q2, Q3, and Q4) of exposure and treating it as a continuous variable in the regression models. ‡ P interaction was calculated by introducing an interaction term between the exposure and self-reported liver disease and/or family history of liver cancer in the regression model. All P values were two-sided. § The HRs and 95% CIs were calculated by using Cox proportional hazard models with adjustment for sex (male or female), age (y, continuous variable), body mass index (kg/mcancer (ever use vs never use: HR = 0.52, 95% CI = 0.30 to 0.90), and this inverse association was more evident among women (HR = 0.41, 95% CI = 0.18 to 0.96). Use of vitamin C supplement, on other hand, was associated with increased liver cancer risk (HR = 1.96, 95% CI = 1.29 to 2.98), and the association in men was more evident among smokers (HR = 2.69, 95% CI = 1.38 to 5.24; data not shown). In addition, multivitamin supplement use had a statistically significant association with increased risk of liver cancer in men (HR = 1.84, 95% CI = 1.13 to 2.98) but not in women (HR = 1.00, 95% CI = 0.45 to 2.21). This association in men appeared to be stronger among nonsmokers (HR = 2.16, 95% CI = 1.03 to 4.53) than among smokers (HR = 1.53, 95% CI = 0.79 to 2.98; data not shown). No statistically significant associations were observed between use of vitamin B or calcium supplement and risk of liver cancer.
We also analyzed associations between dietary vitamin E intake and vitamin C, E, and multivitamin supplement use with liver cancer risk stratified by history of liver disease (viral hepatitis, chronic liver disease, or cirrhosis) and family history of liver cancer because these conditions may change an individual's dietary pattern or other lifestyle factors ( Table 4 ). The associations with vitamin E either from diet or supplements were consistent among participants with and without self-reported liver disease or family history of liver cancer, and the association appeared to be slightly stronger among participants who reported no liver disease or family history of liver cancer, although the test for multiplicative interaction was not statistically significant. Associations with vitamin C and multivitamin supplement use in men were predominantly seen among individuals with self-reported liver disease or family history of liver cancer (P interaction = .01 and .06, respectively).
Inverse associations were observed for primary malignancies of the liver (ICD-9 1. Similarly, the increased risk associated with vitamin C and multivitamin supplement use was primarily observed for primary malignancies of the liver (ICD-9 155.0; data not shown). However, it should be noted that the statistical power for these subgroup analyses was low because of the reduced sample size.
Discussion
In this large, prospective study of women and men from China, we found that higher intakes of vitamin E from both diet and supplements were inversely associated with the risk of liver cancer, although the association was not statistically significant when data from only men were analyzed. This association was consistently observed among individuals with and without self-reported liver disease or family history of liver cancer. On the other hand, use of vitamin C and multivitamin supplements in men was statistically significantly associated with an increased risk of liver cancer among individuals with self-reported liver disease or family history of liver cancer.
Vitamin E, a fat-soluble vitamin, occurs in eight different forms (alpha-, beta-, gamma-, and delta-tocopherol and alpha-, beta-, gamma-, and delta-tocotrienol). Each form has slightly different biological properties, but all are antioxidants (13, 14) . In our study, all subtypes of vitamin E intake were inversely associated with liver cancer risk in the overall study population including both men and women. Numerous experimental studies have suggested that vitamin E may prevent DNA damage, enhance DNA repair, prevent lipid peroxidation, inhibit the activation of carcinogens, and boost the immune system (5, 13, 14, (17) (18) (19) (20) . Epidemiological research and clinical trials in humans have investigated the effects of dietary or supplemental vitamin E intake or serum tocopherol on risk of various cancers, including lung, esophageal, breast, colon, bladder, and prostate cancers, but have yielded inconsistent results (3, 5, 20, 21) . Vitamin E supplement use has been shown to significantly improve liver function in patients infected with viral hepatitis (22, 23) . To our knowledge, only two epidemiological studies, both using a casecontrol study design, have evaluated dietary micronutrient intakes and liver cancer risk (15, 16) . A hospital-based case-control study conducted in Greece, involving 97 case patients with hepatocellular carcinoma and 128 control subjects reported a null association for dietary intake of vitamin E and other micronutrients (15) . Another hospital-based case-control study conducted in Italy, including 185 hepatocellular carcinoma case patients and 412 cancer-free control subjects, showed an inverse association for β-carotene intake (odds ratio = 0.48, 95% CI = 0.24 to 0.93) and nonstatistically significant association with vitamin E intake (odds ratio = 0.77, 95% CI = 0.40 to 1.49) (16) . However, these studies were limited by small sample size and by their retrospective and hospital-based study designs. In our study, dietary and supplement use information was prospectively collected, and we excluded the first 2 years of observation after study enrollment. We found a clear, inverse dose-response relation between dietary vitamin E intake and liver cancer risk, an association that was independent of supplement use and that appeared to be slightly stronger among participants who reported no liver disease or family history of liver cancer. Similarly, vitamin E supplement use was also associated with reduced risk of liver cancer. Therefore, our study provides strong evidence suggesting that vitamin E intake, either from dietary sources or supplements, reduces the risk of liver cancer. It should be noted that the association among men did not reach statistical significance, although no interaction between sex and vitamin E intake was observed. Given that there is no biological evidence supporting a sex-specific effect for vitamin E, we consider the small difference between men and women in the risk estimate association with dietary vitamin E intake to be a random fluctuation due to the relatively few liver cancer cases included in the study.
Vitamin C is a water-soluble vitamin. Results from experimental animal studies on vitamin C intake and liver cancer have been inconsistent (17, (24) (25) (26) . Some studies have found that supplemental vitamin C inhibits hepatocarcinogenesis (14, 24) , whereas other studies have found no effect (14, 25) . An enhancement of hepatocarcinogenesis in animals administered higher amounts of vitamin C was also reported (17, 26) . Only one epidemiological study investigated the association between vitamin C from dietary sources and liver cancer risk (27) . In that population-based prospective study of 19 998 Japanese individuals, dietary vitamin C seemed to be associated with nonsignificantly increased risk of liver cancer (lowest to the highest tertiles: HR = 1.00 [reference], HR = 1.74 [95% CI = 1.0 to 3.1], and HR = 1.38 [95% CI = 0.80 to 2.40]). The association was stronger among current smokers. In our study, we found that vitamin C supplement use was associated with increased liver cancer risk in men, 69% of whom were ever smokers, and the association was more pronounced among smokers. Similarly, we found that multivitamin supplement use was associated with increased risk of liver cancer in men. We also found that the vitamin C and multivitamin supplement association was stronger among participants with self-reported liver disease or family history of liver cancer. Because participants with liver disease or family history of liver cancer are more likely to take vitamin supplements than those without these conditions, the possibility of reverse causation is indicated. More studies are warranted to further evaluate the effect of vitamin supplement use on liver cancer, particularly the biological mechanisms behind the observed interactions with sex and liver disease.
Few participants (less than 17.5%) in our population use vitamin supplements, and the food supply in China is not fortified with vitamins and minerals. Thus, our study population provides a unique opportunity to evaluate associations with dietary vitamin intakes. Other strengths of our study include the prospective and population-based study design and the high participation and follow-up rates. Furthermore, validated dietary questionnaires were used in our study, and repeated dietary information from the SWHS was applied.
Our study also has some limitations. First, the follow-up time for SMHS participants is relatively short. Thus, the statistical power for subgroup analyses was low. Second, although we took into consideration participants' history of hepatitis and liver cirrhosis in our analyses, we cannot completely rule out confounding from unmeasured confounders such as HBV infection, HCV infection, and aflatoxin exposure, although HCV infection and aflatoxin exposure are very low in Shanghai (28) . Third, we did not collect information on the specific doses of the vitamin supplements in our study. Doses for vitamins E and C vary substantially among the supplements commonly available on the Chinese market, from 50 to 1000 international units (IU) for vitamin E and 60-1000 mg for vitamin C. This precluded us from evaluating the effect of vitamin supplement dose on risk of liver cancer. Fourth, measurement errors in dietary intake assessment introduced by the FFQ, which are most likely nondifferential, may have attenuated estimates for the dietary associations. Last, given the multiple comparisons carried out in the current study, a chance finding cannot be ruled out. However, the consistent pattern observed for dietary vitamin E intake and supplemental vitamin E use, and for men and women, argue against a chance finding.
In summary, in these two population-based cohort studies of 132 837 women and men, we found that high intake of vitamin E either from diet or supplements was related to lower risk of liver cancer in middle-aged or older people from China. The positive associations with use of vitamin C and multivitamin supplements may be a reflection of reverse causation. If confirmed, these findings could open a new venue for prevention of liver cancer, the third most common cause of death worldwide.
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